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Project Summary 
The Mini-Solar Power Station consists of two subprojects.  The first subproject was to construct 

a satellite tracking system.  This system is known as the Solar Tracker.  The Solar Tracker tracks the sun 
at a 90° angle ensuring that a maximum amount of sunlight is collected throughout the day.  The Solar 
Tracker contains a satellite dish covered with a reflective Mylar material, but is also convertible to allow 
a solar panel to be easily installed.  When the Solar Tracker does not have the solar panel installed, 
reflective Mylar material reflects the sunlight to the dish’s focal point.  A hollow copper coil tube, which 
contains continuously running fluid, is placed at the focal point.  As the sunrays are reflected and 
focused at the copper coil tube, essentially at one point, the copper coil will begin to heat up which will 
consequently heat the fluid inside the coil.  Thermal insulated tubing connects the copper coil to a heat 
exchanger and a water reservoir.  A water pump circulates water between the coil and through the heat 
exchanger to the water reservoir so the temperature rise from the water can be measured.  The amount 
of heat collected from the sun can in turn be calculated.  Using data acquisition, the temperature from 
the heat exchanger is collected and plotted in real time using LabVIEW.  When the solar panel is 
installed, using the energy obtained a buck/boost battery charger will charge one 12-volt rechargeable 
battery.  The battery will run a 300-watt inverter so common household appliances can be used.  
 
The second subproject includes constructing a mechanical fixture containing a heat/light source to 
simulate the rising, setting, and latitudinal movements of the sun.  The fixture is used in correspondence 
with the above-mentioned Solar Collector and serves as a testing device to prepare the Solar Tracker for 
operation outside.  A 250W infrared heat lamp is the source of heat and is used to represent the sun.  A 
dimmer switch is used with the heat lamp, which dims the heat lamp to represent cloud cover.  As 
stated above, temperature data will be collected and plotted in LabVIEW.  With the dimming of the 
lamp, the decrease in temperature should be evident in the LabVIEW plotted data.  Figure 1 is the block 
diagram of the overall project. 
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Mini Solar Power Station Block Diagram 

 
Figure 1: Mini-Solar Power Station Block Diagram 
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Requirements 

Electric Drives 

Solar Tracker 
Two motors will be used to track the movement of the sun.  One stepper motor will control motion of 
the tracker in the x direction (horizontally) and a linear actuator will control motion in the y direction 
(vertically).   

Sun Simulator 
Two motors will be used to simulate the movement of the sun.  One stepper motor will move the heat 
bulb along the simulator track, simulating the rising and setting of the sun.  A linear actuator will provide 
±15 degrees of tilting in two directions for the track, simulating the latitudinal movement of the sun.   

Heat and Electricity Conversion and Measurement 

Solar Tracker 
1. A water pump will pump water from a water reservoir through insulated tubing to the copper 

coil.  Insulated tubing will connect the copper coil to a heat exchanger which is connected to the 
water reservoir on the return path, forming a closed loop system producing a continuously 
running water system.  

2. A  thermistor  (heat  sensitive  resistor)  will  be  placed  in  the  heat  exchanger  to  measure  the  
generated heat.  The heat exchanger is used to contain and measure the heat generated with 
the  satellite  system  attached.   As  the  water  is  heated  the  coil  inside  the  box  begins  to  heat  
which in turn heats the inside of the box through the process of convective heat transfer.  Using 
a NI USB 6008 DAQ, the temperature data will be plotted in real time using LabVIEW.   

3. A solar panel will be used as the energy-collecting device.  Elbow clamps will be used for proper 
placement of solar panel onto the satellite dish.  Using the energy obtained a buck/boost 
battery charger will charge one 12-volt rechargeable battery.  A second (charged) battery will be 
used to run the overall system.  The batteries will be interchanged when needed, preferably 
when the system is not in use. 

4. A  300W  inverter  will  convert  the  12V  DC  (from  the  rechargeable  batteries)  to  AC  to  power  
common household appliances. 

PIC18 Microcontroller (MCU) 

Solar Tracker 
The  MCU  will  receive  signals  from  a  solar  sensor  and  command  the  movements  of  both  motors  
accordingly.   The solar  sensor  is  built  with  photo resistors  and a  metal  enclosure.   This  is  intended to  
detect the direction that has the strongest sunlight. 
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Sun Simulator 
The MCU will control both motors.  Using a series of pulleys, the 10:1 geared stepper motor will be used 
to “push” and “pull” the sheave pulley, connected to the heat lamp, to mimic longitude sun movement.  
The linear actuator will be used to add ±15 degrees (from the zero starting point), thus mimicking 
latitude movement.   

Dimmer Switch 
The MCU along with pulse width modulation (PWM) will control the dimmer switch.  The dimmer switch 
will be used with the heat lamp, which will dim and brighten the heat lamp to represent cloud cover.  
With the dimming of the lamp, the decrease in temperature should be evident in the LabVIEW plotted 
data.   

Data acquisition and Monitoring 

Solar Tracker 
1. Using the graphical programming software LabVIEW and data acquisition (NI DAQ 6008), real 

time temperature of the heated water will be displayed on a graph and the current temperature 
will be displayed on a numerical display.  There will be the option to save the temperature data 
for future analysis and comparison. 

2. The launching of the tracking function will be controlled via a light intensity monitor.  The light 
intensity monitor will turn the tracking function on when the sunlight intensity is above a preset 
level, and turn the function off when the sunlight intensity drops below the preset level.  This 
will ensure that the system will shut off during night or when circumstances, like cloudy or rainy 
days, do not provide enough solar power to generate the power to activate the battery charger. 
The light intensity monitor will be implemented using a photo resistor, a comparator, and the 
MCU accompanied with proper code. 

Mechanical Fixture 

Solar Tracker  
1. The  mechanical  fixture  of  the  Solar  Tracker  will  be  composed  of  metal  and  wood.   For  the  

satellite system, a standard slim line satellite dish (one used for Direct TV satellite) and Mylar 
will be adhered to the inside of the satellite dish to create a reflective surface.   

2. ¾” hollow copper tubing will be coiled at the satellite dish’s focal point.  ¾” plastic insulated 
tubing will be used to connect the copper coil to the water reservoir. 

3. A heat exchanger will be used to measure the heat obtained.  The heat exchanger will be 
composed of wood, cooper coil, and a fan. 

4. All PCB’s will be enclosed.   

Sun Simulator 
1. The simulator will be composed of 10’ long 3/8” steel pipe, a combination of pulleys, a stepper 

motor, and a linear actuator to drive the heat bulb to mimic the sun’s movement 
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2.  The base structure will be made of wood. 
3. All PCB’s will be enclosed.   

Budget 

 
Figure 2: SD1203 Final Budget 
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Timeline  

Design II 

 
Figure 3: SD1203 Timeline (Design II) 
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Design III 

 
Figure 4: SD1203 Timeline (Design III) 

Pictures and Operation 

Solar Tracker 
The Solar tracker provides a platform which will have the following basics functions: 

• Track the sun at a 90 degree angle at all-time throughout the day 

• Shuts off automatically when light intensity is below a set threshold, and turn back on when 
light intensity rises back up. 

We can attach anything system on this platform that requires facing the sun at a right angle.  For our 
senior design project, we intended to use this platform for either a solar panel or a satellite dish system. 
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The  solar  panel  is  used  to  collector  sunlight  and  charge  a  12V  battery.   The  satellite  dish  is  used  to  
convert sunlight into heat and release the heat through a heat exchanger for experimental purposes.  

 
Figure 5: Solar Tracker Base 

 

 
Figure 6: Solar Tracker Light Sensors 
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Figure 7: Solar Collector PCB 

 

Solar Panel System 
The solar panel system is intended to be self-sustaining; meaning the energy collected will charge a 12-
volt battery which will run the solar tracker system.  This will be accomplished by having one battery 
(charged) run the system, and one battery being charged in the process.  The batteries will be 
interchanged when necessary.  The charged battery will also run a 300-watt inverter so common 
household appliances can be used.   
 

 
Figure 8: Solar Tracker with Solar Panel 
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Figure 9: Solar Collector with Solar Panel Installed 

Satellite Dish System 
The satellite dish system contains a satellite dish covered with a reflective Mylar material installed on 
the  Solar  Tracker.   As  the  Solar  tracker  tracks  the  sun  the  reflective  Mylar  material  will  focus  all  the  
sunlight to the dish’s focal point.  A hollow copper coil tube, which contains continuously running fluid, 
will be placed at the focal point.  As the sunrays are reflected and focused at the copper coil tube, 
essentially at one point, the copper coil will begin to heat up which will consequently heat the fluid 
inside the coil.  Thermal insulated tubing will connect the copper coil to the heat exchanger and a tank 
reservoir, so that the heat from the liquid can be measured.  The system is powered using a charged 12-
volt battery. 

Solar Tracker Operation  
It  is  very  simple  to  operator  this  system  once  the  solar  panel  is  installed  on  the  platform.  The  only  
operation button is the power switch on the PCB enclosure; the power indicator will indicate whether 
the system is turned on or not. Once it is turned on, it will start its full automatic operations and track 
the sun at all time. 
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Figure 10: Power switch and power indicator 

  

Both the solar panel and satellite dish can be mounted on the platform provided on the solar tracking 
system.  The solar panel is connected to a voltage regulating recharging circuit to charge a 12V battery, 
and the satellite dish is connected to a heat exchanger.  Both will be shown in the next sections. 

 
Figure 11: Solar tracker platform 
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Heat Exchanger 
The heat exchanger is used to contain and measure the heat generated with the satellite system 
attached.  As the water is heated the coil inside the box begins to heat which in turn heats the inside of 
the box through the process  of  convective  heat  transfer.   Using a  NI  USB 6008 DAQ,  the temperature 
data  will  be  plotted  in  real  time  using  LabVIEW.   The  DAQ  provides  +5V  (pin  31)  to  power  the  heat  
exchanger circuit.  This only occurs when the DAQ is plugged into the computer USB port.   
 
Before using the heat exchanger, verify all hardware and software are properly connected.  Before 
operation verify the DAQ is properly connected to the heat exchanger circuit by verifying the ground 
wire (black wire) is connected to port 1, the +5V wire (red wire) is connected to port 31, and the analog 
input wire (blue wire) is connected to port 2.  Please refer to figure 52 in the technician troubleshooting 
section for the DAQ pinout. 
 
The +5V to power the heat exchanger is provided by the DAQ.  The power to the heat exchanger circuit 
can be turned “on” and “off” using the toggle switch.  When the heat exchanger circuit is “on” the green 
LED light will be illuminated.  Figure 12 displays the heat exchanger enclosed circuit, toggle switch, and 
green LED.   
 

 
Figure 12: Heat Exchanger Back 
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Fixture 13: Heat Exchanger Side 

 

 
Fixture 14: Heat Exchanger Top (open) 
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Figure 15: Heat Exchanger Circuit, Toggle Switch, and Green LED 

 

 
Fixture 16: Heat Exchanger Program on Computer 

Battery Charger 
We used a buck-boost IC to build a recharger system. This system can serve the Solar Tracker 

because the Solar Tracker needs a DC voltage supply. The Buck-boost IC can supply a stable 
voltage to charge the battery.  The only problem is the design uses the MC33063A IC, which will 
only work when the supply voltage is higher than 3V.  This supply voltage is provided from the 
solar panel.  As we know, we cannot make sure the voltage supply is greater than 3V because 
the intensity of illumination outside is uncontrollable.  A diode was added between the battery 
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and the voltage output to prevent the current from flowing back into the system, causing 
damage  to  the  system.   The  output  voltage  was  designed  to  be  14.5V,  providing  an  output  
current of about 0.225A.  The range of the MC33063A IC input voltage is large, ranging from 3V 
to 40V.  This system is easy to modify when different output voltages are needed, because the 
output value is only dependant on R1 and R2 (refer to equation 1). 

1.25 (1 + ) 

Equation 1: Output Voltage of the Charger Circuit  

Sun Simulator 
The mechanical fixture is composed of " steel  pipe,  a  combination  of  pulleys,  stepper  motor,  and  a  

linear actuator to drive the heat bulb to mimic the suns movement.  A 250W infrared heat lamp is used 
to represent the sun and will be the source of heat.  A dimmer switch is used with the heat lamp, which 
dims  the  heat  lamp  to  represent  cloud  cover.   The  dimmer  switch  is  controlled  using  a  PIC  
microcontroller and Pulse Width Modulation (PWM).  As stated above, temperature data is collected 
and plotted in LabVIEW.  With the dimming of the lamp, a decrease in temperature should be evident in 
the LabVIEW plotted data.  Both motor control and dimmer switch is controlled by a PIC microcontroller, 
and the programming was done in C.  Figure 17 displays the Sun Simulator and all of it components.  

 
Figure 17: Sun Simulator 

 
 

Power 
First, locate the power source on the cart behind the black curtain.  The first time using the simulator, 
make sure the Sun Simulator is NOT connected to the power source.  Once the simulator is removed, 
turn on the power source by pressing the green power button.  When the power is “on” verify the 
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voltage level is set to +5V.  When the power supply voltage is not set to +5V, turn the voltage knob to 
set  the power supply  to  +5V.   Once the power supply  is  set  to  +5V turn the power supply  off  and re-
connect the Sun Simulator.  Once connected turn the power supply back “on” and now the Sun 
Simulator is ready to simulate.  NOTE:  The  Sun  Simulator  PCB  can  only  run  with  +5V,  voltages  higher  
than +5V may damage the PCB.   

Keypad and Keypad Options for Motor Operation 
The Sun Simulator motors are operated from the keypad located on the PCB enclosure.  Keypad options 
are located directly to the left of the keypad, please see figure 18.   

 
Figure 18: Key Pad and Key Pad Options 

 

NOTE: The Sun Simulator lamp starting position must always start on the right (when facing the 
simulator front).  Verify the black electrical tape is directly over “stationary pulley #2.”  This movement 
represents the sun rising in the east and setting in the west.  If this is not verified on the initial run, the 
sheave pulley will go beyond “stationary pulley #3” and could potentially damage the simulator.  Please 
refer to figure 17 for locations of stationary pulleys.      

In  a  similar  fashion,  if  you  plan  to  use  a  preset  option  involving  a  tilt  you  must  verify  the  track  is  
completely  vertical  in  the starting  position (90°  on the protector  display,  see figure 19).   Failure  to  do 
this could cause damage to the track and/or linear actuator. 
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Figure 19: Sun Simulator track in starting position, no tilt 

 

Figure 20 is the keypad options, and a description of each button is provided below. 

 
Figure 20: Sun Simulator Key Pad Options 
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RESET: Pressing  the  “RESET”  button  resets  the  microcontroller.   If  the  reset  button  is  pressed  
during a run, the lamp will have to be manually moved (using the manual buttons described 
next) back to the beginning before another run is started.  Refer to the note above. 

MOVE SUN SIMULATOR CLOCKWISE: If facing the Sun Simulator front, pressing this option 
moves the lamp to the right (sun moving west to east).   This button is often used to manually 
move the lamp to the beginning position if reset is pressed or the power was turned off. 

MOVE SUN SIMULATOR COUNTERCLOCKWISE: If facing the Sun Simulator front, pressing this 
option moves the lamp to the left (sun moving east to west).   

TILT SUN FORWARD (TOWARD YOU):  This option tilts the track towards you, if you are facing 
the front of the simulator.     

TILT SUN BACKWARD (AWAY FROM YOU): This option tilts the track away from you, if you are 
facing the front of the simulator.   

10 MINUTE SETTING WITH NO TILT:  This preset option runs the lamp (sun) right to left (east to 
west) in a 10 minute interval.  This option does not tilt the track, so this option can be run if the 
track is already tilted.  NOTE:  This option requires the lamp to be in the starting position. 

1 HOUR SETTING WITH NO TILT:  This  preset  option runs  the lamp (sun)  right  to  left  (east  to  
west)  in  a  1  hour  interval.   This  option does  not  tilt  the track,  so  this  option can be run if  the 
track is already tilted.  NOTE:  This option requires the lamp to be in the starting position. 

4 HOUR SETTING WITH NO TILT:  This  preset  option runs  the lamp (sun)  right  to  left  (east  to  
west)  in  a  4  hour  interval.   This  option does  not  tilt  the track,  so  this  option can be run if  the 
track is already tilted.  NOTE:  This option requires the lamp to be in the starting position. 

10 MINUTE SETTING WITH 15° TILT BACKWWARD:  This preset option first tilts the track (sun) 
15° backwards (away from you) and then runs the lamp (sun) right to left (east to west) in a 10 
minute interval.  NOTE:  This option does tilt the track, so this option must have the track in the 
starting position, please see figure 19. 

1 HOUR SETTING WITH 15° TILT BACKWWARD:  This preset option first tilts the track (sun) 15° 
backwards (away from you) and then runs the lamp (sun) right to left (east to west) in a 1 hour 
interval.  NOTE:  This option does tilt the track, so this option must have the track in the starting 
position.  NOTE:   This option requires the lamp to be in the starting position, please see figure 
19. 

4 HOUR SETTING WITH 15° TILT BACKWWARD:  This preset option first tilts the track (sun) 15° 
backwards (away from you) and then runs the lamp (sun) right to left (east to west) in a 4 hour 
interval.  NOTE:  This option does tilt the track, so this option must have the track in the starting 
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position.  NOTE:   This option requires the lamp to be in the starting position, please see figure 
19. 

10 MINUTE SETTING WITH 15° TILT FOREWARD:  This preset option first tilts the track (sun) 15° 
forwards (towards you) and then runs the lamp (sun) right to left (east to west) in a 10 minute 
interval.  NOTE:  This option does tilt the track, so this option must have the track in the starting 
position.  NOTE:   This option requires the lamp to be in the starting position, please see figure 
19. 

1  HOUR SETTING WITH 15°  TILT  FOREWARD:  This preset option first tilts the track (sun) 15° 
forwards  (towards  you)  and  then  runs  the  lamp  (sun)  right  to  left  (east  to  west)  in  a  1  hour  
interval.  NOTE:  This option does tilt the track, so this option must have the track in the starting 
position.  NOTE:   This option requires the lamp to be in the starting position, please see figure 
19. 

4  HOUR SETTING WITH 15°  TILT  FOREWARD:  This preset option first tilts the track (sun) 15° 
forwards  (towards  you)  and  then  runs  the  lamp  (sun)  right  to  left  (east  to  west)  in  a  4  hour  
interval.  NOTE:  This option does tilt the track, so this option must have the track in the starting 
position.  NOTE:   This option requires the lamp to be in the starting position, please see figure 
19. 

Track Tilting  

 
Figure 21: Sun Simulator track with 15° forward 
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Figure 22: Sun Simulator track in starting position, no tilt 

 

 
Figure 23: Sun Simulator track with 15° backward 
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Mechanical Components 

 
Figure 24: Sun Simulator Track, Stationary Pulley, and Sheave Pulley 

 

 
Figure 25: Sun Simulator Sheave Pulley and Spring Tension 

 



 

NDSU | SD1203 - Mini Solar Power Station 25 

 

 
Figure 26: Sun Simulator Wire Support 

Motors 

 
Figure 27: Sun Simulator Linear Actuator (Tilts Track) 
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Figure 28: Sun Simulator Stepper motor and Gear Box 

Dimmer   
The dimmer is used in combination with a 250W infrared heat lamp which represents the sun and is the 
source of heat for the sun simulator. This switch allows the user to both dim and brighten the light, 
representing varying amounts of cloud cover. Therefore, this function allows the user to output varying 
amounts of heat.  

The dimmer is controlled using a PIC microcontroller and Pulse Width Modulation (PWM). All 
programming for this function was done in C. By varying the Pulse Width Modulation output from the 
PIC microcontroller, the user is able to set the brightness of the heat lamp to the desired level and also 
simulate gradual increases and decreases in brightness.  

Dimmer Operation 
The  dimmer  is  operated  using  a  keypad  on  the  PIC  microcontroller.  The  display  screen  on  the  PIC  
microcontroller allows the users to see how much of the total brightness is being outputted by the heat 
lamp. When turned on, the display will read "PWM = 0.00" and the light will be fully on. "PWM = 0.00" 
represents that the light is 0% bright. NOTE: "PWM = 1.00" represents that the light is 100% dim; this 
occurs when the light is completely off.  
Each keypad option is provided below: 

YELLOW RESET: Pressing the yellow reset  button on the PIC  microcontroller  resets  the PIC  and allows 
the user to initialize the Dimmer Switch program. This button must be pressed before the user is able to 
operate the dimming switch. 



 

NDSU | SD1203 - Mini Solar Power Station 27 

 

RB0: Pressing RB0 incrementally brightens the heat lamp by 5%. Each time this button is pressed, the 
light  will  become  5%  brighter.  If  you  reach  100%  brightness,  the  output  screen  will  display  "PWM  =  
0.00". This indicates that the light has reached its full potential and pressing R0 will no longer do 
anything to the light. 

RB1: Pressing RB1 incrementally dims the heat lamp by 5%. Each time this button is pressed, the light 
will  become 5% more dim.  If  you reach 100% dim,  the output  screen will  display  "PWM = 1.00".  This  
indicates that the light has fully turned off and pressing RB1 will no longer do anything to the light. 

RB2: Pressing RB2 brightens the light incrementally at 1% per 0.1 seconds until the light has become 
100% bright. At this point the light will stay fully on until another button is pressed. This button can be 
pressed at any point in time no matter how bright the light is. It will always start increasing in brightness 
from the level it was at when RB2 was pressed. 

RB3: Pressing RB3 dims the light incrementally at 1% per 0.1 seconds until the light has become 100% 
dim. (It will  be completely off.) At this point the light will  stay fully off until  another button is pressed. 
This button can be pressed at any point in time no matter how bright the light is. It will always start 
decreasing in brightness from the level it was at when RB3 was pressed. 

RB4: Pressing RB4 brightens the light incrementally at 1% per second until the light has become 100% 
bright. At this point the light will stay fully on until another button is pressed. This button can be pressed 
at any point in time no matter how bright the light is.  It  will  always start increasing in brightness from 
the level it was at when RB4 was pressed. 

R5: Pressing RB5 dims the light incrementally at 1% per second until the light has become 100% dim. (It 
will be completely off.) At this point the light will stay fully off until another button is pressed. This 
button  can  be  pressed  at  any  point  in  time  no  matter  how  bright  the  light  is.  It  will  always  start  
decreasing in brightness from the level it was at when RB5 was pressed. 
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Schematics 

Solar Tracker 

 
Figure 29: Solar Tracker Schematic 
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Heat Exchanger  

 
Figure 30: Heat Exchanger Circuit 

 

Battery Charger  

 
Figure 31: Charger Circuit Schematic  
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Sun Simulator 

 
Figure 32: Sun Simulator Motor Control Circuit 
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Dimmer  

 
Figure 33: Dimmer Circuit 

PCB 

Solar Tracker 

 
Figure 34: Solar Tracker Silk Screen Top 
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Figure 35: Solar Tracker Copper Top 

 

Figure 36: Solar Tracker Silk Copper Bottom 



 

NDSU | SD1203 - Mini Solar Power Station 33 

 

 

 
Figure 37: Solar Tracker PCB 

Heat Exchanger  

 
Figure 38: Heat Exchanger Silk Screen Top 
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Figure 39: Heat Exchanger Copper Top 

 

 
Figure 40: Heat Exchanger Silk Copper Bottom 

 

 
Figure 41: Heat Exchanger PCB 
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Battery Charger  
Insert PCB photos here 

Sun Simulator 

 
Figure 42: Sun Simulator Silk Screen Top 

 

 
Figure 43: Sun Simulator Copper Top 
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Figure 44: Sun Simulator Copper Bottom 

 
 

 

 
Figure 45: Sun Simulator PCB 
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Dimmer Switch 
Insert PCB photos here 

Software 

Solar Tracker 

 
Figure 46: Solar Tracker Software Flow Chart  

 



 

NDSU | SD1203 - Mini Solar Power Station 38 

 

 
Figure 47: Solar Tracker Software Flow Chart for Timers 

 

The Solar Tracker Software is located in the Appendix. 

Heat Exchanger  
Figure 48 and 49 displays the LabVIEW front panel and block diagram respectively.  The front panel is 
the user interface, and the block diagram is the code.  The following descriptions describe the operation 
of the front panel.  A short description is also provided on figure 48. 
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Figure 48: LabVIEW Front Panel  

 
Stop After (min):  The  “Stop  After  (min)”  control  is  a  program  timer  that  executes  for  the  
duration set by the user.  For example, if  the user enters “10” the program will  execute for 10 
minutes.  When the program is initially opened the default “Stop After (min)” is set to zero, so 
this must be updated before the simulation begins. 
 
Save data to file:  The “Save data to file” button allows the user to save the current data being 
generated  to  a  tab  delimited  text  file.   This  file  can  then  be  saved  and  opened  in  Excel.   This  
button is similar to an on and off light switch.  When the button has not been pressed the green 
light is off, and when the button is pressed the green light is on and data will subsequently be 
saved.  Data can be saved at any time while the program is running.  However, the data is saved 
to only one file.  For example, if you press the button to save data this data will be saved to the 
file.  If the button is pressed again to turn off the saving data option and then pressed again the 
new data will overwrite your previous data.  So if you want to save data from multiple runs you 
have to “save as” the data file to a new name.  When the program is initially opened the default 
“Save data to file” is off, so if you want to save the data to the file you must select the button 
(the green light will turn on). 
 
F or C?:  The “F or C?” button changes the temperature reading from degrees Celsius to degrees 
Fahrenheit.  This button is similar to a on and off light switch.  When the program is initially 
opened the default “F or C?” is such that degrees Celsius is displayed, so if you want to display 
degrees Fahrenheit you must select the button (the green light will turn on). 
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Reset Graph?:  The “Reset Graph?” button resets the graph when the button is pressed.  This 
button resets to the off state (green light off) once the graph is cleared.  Thus, the graph can be 
cleared multiple times during a run.  When the program is initially opened the default “Reset 
Graph?” is off, so if you want to clear the graph you must select the button (the green light will 
turn on), once the graph is cleared the green light will turn off.  
 

Figure 49 displays the LabVIEW block diagram merely for documentation and illustration. 

 
Figure 49: LabVIEW Block Diagram 
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Sun Simulator 

 
Figure 50: Sun Simulator Flow Chart 

 

The Sun Simulator Software is located in the Appendix. 
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Dimmer Switch 

 
Figure 51: Dimmer Switch Flow Chart 

 

The Dimmer Switch Software is located in the Appendix. 

Technician Troubleshooting  

Solar Tracker 
Problem: Solar tracker does not do anything when turned on. 
Solution: Check battery if power indicator does not light up when power switch is on.  Otherwise check 
loose connection motor wire connections. 
 
Problem: Solar tracker makes random movements  
Solution: Check and make sure solar sensor is not covered or blocked from sunlight.  Check solar sensor 
to make sure no loose wire connections or broken enclosure. 
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Heat Exchanger 
Before using the heat exchanger verify all hardware and software is connected properly. 

If the LabVIEW program is not graphing the temperature or is simply graphing a horizontal line 
regardless of an expected change in temperature: 

1. Verify the toggle switch on the heat exchanger PCB enclosure is switched “on” and the 
green LED light is illuminated.  If the green LED does not come on jump to #3, #4 then #5.  If 
the green LED light is on but data is still not being graphed, 

2. Verify the program is running by making sure the run arrow changes from  to , 

after the run button  is pressed.  Verify a value was entered in the “Wait After (min)” 
control on the LabVIEW Front Panel.  Upon starting the program the default value is zero, so 

the program will stop immediately and the run button will automatically return to .   
3. Verify  the  DAQ6008  is  properly  connected  to  the  computer  via  USB  port.   It  may  help  to  

remove and re-connect the DAQ USB to the USB port.  The DAQ will take some time to load, 
so be patient.  After some time, if this does not solve the problem, 

4. Verify the wires connecting the heat exchanger circuit to the DAQ6008 are properly 
connected.   Verify  the  ground  wire  (black  wire)  is  connected  to  port  1,  the  +5V  wire  (red  
wire) is connected to port 31, and the analog input wire (blue wire) is connected to port 2.  
Please  refer  to  figure  52  for  the  DAQ  wiring  diagram.   NOTE:   If  a  wire  appears  to  be  
connected incorrectly unplug the DAQ from the USB port immediately before attempting to 
reconnect the wire.  If a wire is not connected, unplugged the DAQ USB form the USB port 
before connecting wires (or you can remove the power or ground wires) to prevent damage 
to the heat exchanger PCB or to the DAQ.  If this does not solve the problem and the heat 
exchanger software is still not operational, 
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Figure 52: NI USB DAQ6008 Pinout  

5. There may be a bad wire connection on the PCB.  A qualified individual familiar with trouble 
shooting circuits will need to use a multimeter to check all connections.  If a bad connection 
is found then re-solider the wire to the PCB trace.   

Battery Charger 
Insert troubleshooting information here. 

Sun Simulator 
If the Sun Simulator is not functional when an option is pressed on the keyboard: 

1. Verify the power supply is turned on.  First, when the power is not turned on remove the 
red and black power cables on the power supply (these are the wire providing power to the 
Sun Simulator).  Now turn on the power source by pressing the green power button.  When 
the power is “on” verify the voltage level is set to +5V.  When the power supply voltage is 
not  set  to  +5V,  turn  the  voltage  knob  to  set  the  power  supply  to  +5V.   Once  the  power  
supply is set to +5V turn the power supply off and re-connect the red and black cable to the 
power supply.  Once connected turn the power supply back “on” and now the Sun Simulator 
is ready to simulate.  NOTE:  The Sun Simulator PCB can only run with +5V, voltages higher 
than +5V may damage the PCB.  If this does not solve the problem, 

2. Verify the leads from the power supply are connected to the black (ground) and red (+5V) 
connectors on the PCB enclosure.  These connectors transfer the power to the Sun 
Simulator PCB.  If the wires are not connected, connect them when the power is off.  If the 
wire are connected, 
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3. With the power off, verify all wire connections a securely connected to the PCB enclosure.  
These wires  include the power wires  mentioned in  #2,  the wires  from the stepper  motor,  
and the wires from the linear actuator.  If there are wires not securely connected, connect 
them with the power off.  If all wires are securely connected to the PCB enclosure and there 
is still a problem, 

4. Remove the PCB enclosure top and verify the wire connections from #3 are securely 
connected from the PCB enclosure to  the PCB.   If  there are  wires  not  securely  connected,  
connect them with the power off.  If all wires are securely connected to the PCB and there 
are still problems, 

5. Verify  the wires  coming from the keypad are securely  connected to  the PCB.   If  there are  
wires not securely connected, connect them with the power off.  If all wires are securely 
connected to the PCB enclosure and the Sun Simulator is still not operational, 

6. There may be a bad wire connection on the PCB.  A qualified individual familiar with trouble 
shooting circuit will need to use a multimeter to check all connections.   If a bad connection 
is found then re-solider the wire to the PCB trace.    

Dimmer Switch 
Before using the dimmer switch, ensure that all hardware is connected properly. 

Problem: When the dimmer switch is turned on, the light does not turn on.  
Solution: Press the yellow reset button and hold for a couple of seconds.  Then ensure that the dimmer 
is  not  set  to  "PWM  =  1.00".   This  would  indicate  that  the  light  is  100%  off.   This  light  level  can  be  
adjusted manually to any level by pressing RB0 or RB1. NOTE: The light is fully off when the display reads 
"PWM = 1.00," and the light is fully on when the display reads "PWM = 0.00". 
 
Problem: The dimmer function is not responding to any buttons.  
Solution: Check and make sure the power source is plugged into the dimmer PCB correctly.  Also, verify 
that the light is plugged into the dimmer PCB correctly.  

Project Comments 
The project was fun, challenging, and time consuming.  It took a lot of research and planning, especially 
during design II and the beginning of design III, to accomplish what was completed.  A large part of the 
project required mechanical design and construction, which proved to be the most challenging.  The 
mechanical  portions  of  the  project  made  the  overall  project  more  exiting,  and  being  able  to  see  a  
completed project is something to be proud of. 

Solar Tracker Future Improvements 
The Satellite System was never fully constructed and tested.  We attempted to constructed the system 
but found that when the tubing was connected to the coils, heat exchanger, and reservoir, the tubing 
put a lot of strain on the Solar Tracker motor used to rotate the base.  So, one improvement is a larger 
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motor that can produce more torque, so the base can be rotated when the tubing is attached, will most 
likely have to be installed.  Also, having longer tubing will also help.  In addition, a stronger pump in the 
reservoir may have to be used to help circulate the water. 

Sun Simulator Issues 
The current design utilizes four stationary pulleys and two sheave pulleys (for rolling the lamp on the 
track).   The  stationary  pulleys  are  used  to  control  and  “track”  the  wire  pulling  the  lamp.   Before  the  
completed simulator, the force from the geared stepper motor to pull the sheave pulley back and forth 
was completely horizontal.  This horizontal force put a large strain on the track and did not move the 
lamp.  The geared stepper motor (which Jeff made from a washing machine gear box) has enough 
torque to pull the sheave pulleys, however the force is basically being applied horizontally onto the 
track.   What  I  did  to  correct  this  was  to  add  a  wire  support  so  the  force  on  the  wire  is  no  longer  
horizontal but angular.  The wire support worked great and allowed the sheave pulleys to move 
smoothly along the track.  The initial design had the lamp being hung from the sheave pulleys, but 
because of the wire support I had to connect the lamp on top of the sheave pulleys.  This did not cause 
any new problems; in fact I think it is a better design.   

Another problem I encountered was with the linear actuator.  A ball and socket elbow joint is being used 
to relieve the tension caused when the track is being tilted, without this elbow joint the motor would 
bind to stop.  The joint worked great and provided full tilt in both directions (with some slipping).  One 
day the joint “stiffened” and I could not figure out why.  Because of this the motor seized when the track 
was at a certain angle.  As I  did not know why the joint stiffened I tried lubrication to fix the problem, 
which helped but did not solve the problem.  I eventually found out the joint stiffened because the bolt I 
used to secure the elbow was torqued to hard into the dome of the elbow joint, piecing the dome.  To 
fix the problem I had to order another ball joint (fortunately they only cost around $3).  Before installing 
the new elbow joint I  grinded off the bolt tip, so I  would not have the same problem.  The new elbow 
joint helped a lot but the motor still slips at certain angles.  This is not a hardware issue but a mechanical 
design issue. 

Lastly, I decided to use a push button keypad because I was having reliability problems with the black 
keypads.  I had working code at the end of the spring semester (end of Design II), however when I tried 
the code again in the fall the keypad worked only part of the time.  I then changed the code and finally 
got the code working again (with new code); a few days later the keypad only worked part of the time.  
At this point I decided it would it be bad if the keypad did not work after ordering the PCB and especially 
if it decided to not work on Demo day.  The pushbuttons were always reliable, so I made a keypad out of 
pushbuttons.  Although this worked with the code, constructing and wiring the keypad was very time 
consuming.  However, the keypad works and Sun Simulator successfully functioned on Demo day. 
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Summary 
The goal of this project was to create a functional solar tracking system that is operational outside using 
natural sunlight.  With the Mylar reflective material, the reflected sun energy will heat liquid running 
through a copper coil connected to a water reservoir.  Temperature data will be plotted real time using 
LabVIEW, so decrease in temperature due to cloud cover should be easily recognizable.  When the solar 
panel is installed, using the energy obtained a buck/boost battery charger will charge one 12-volt 
rechargeable  battery.   A  second  battery  (already  charged)  will  power  a  300-watt  inverter,  which  will  
allow for use of household appliances.   
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Appendix 

Solar Tracker 

Solar Tracker Data Sheets 

 
Figure 53: H-Bridge Data Sheet 
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Solar Tracker Software 
// Solar tracking code final 
//Author: Qingyu Meng (Jace) 
 
//h bridge config: digit0: direction, digit1: breaking. 
// PORTC x axis motor, PORTD Y axis motor. 
 
#include <pic18.h> 
#include        "lcd_portd.h" 
#include        "function.h" 
#include        "function.c" 
#include        "LCD_PortD.C"  
   
void A2D_Init(void) 
{ 

TRISA = 0xFF; 
 TRISE = 0x0F; 
 ADCON2 = 0x85; 
 ADCON1 = 0x07; 
 ADCON0 = 0x01; 
} 
 
unsigned int A2D_Read(unsigned char c) 
{ 
   unsigned int result; 
   unsigned char i; 
   c = c & 0x0F; 
   ADCON0 = (c << 2) + 0x01; // set Channel Select 
   for (i=0; i<10; i++); // wait 2.4us (approx) 
   GODONE = 1; // start the A/D conversion 
   while(GODONE); // wait until complete (approx 8us) 
   return(ADRES); 
 }   
 
unsigned int back,left,right,mid,up,down; 
unsigned int thold = 40; // to be determined 
 
void interrupt IntServe(void) 
{ 

if(TMR0IF) 
{      

 TMR0 = -50000;  //every 20ms 
 
 back = A2D_Read(0);  // Read A2D 
 left = A2D_Read(1);  
 right = A2D_Read(2);  
 mid = A2D_Read(3);  
 up = A2D_Read(4);  
 down = A2D_Read(5); 
 
 TMR0IF = 0; 

} 
 

if(TMR1IF) { 
 TMR1 = -50000;  // flag every 20 ms 
 RB7 = 1;   // output to RD2 
 TMR1IF = 0; 

}     
if(CCP1IF) {   //PWM 

 RB7 = 0; 
 CCP1IF = 0; 

} 
}  
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void main(void)   // main function 
{ 

unsigned int PWM = 37500; // 30% duty cycle; 
CCPR1 = -PWM;  
 
//Initialize Timer 0 
T0CON = 0x80;   //PS = 2 
TMR0 = -50000;   //flag every 20ms 
TMR0ON = 1; 
TMR0IE = 1; 
TMR0IP = 1; 
 
//Initialize Timer 1 Compare 
T1CON = 0x91;  // PS = 2 
TMR1 = -50000;  // 20 ms cycles 
CCP1CON = 0x0A; 
TMR1ON = 1; 
TMR1IE = 1; 
TMR1IP = 1; 
CCP1IE = 1; 
 
 //Initialize ports 
TRISB = 0x7F; //for testing motors 
TRISC = 0;   //x axis motor controller 
TRISD = 0;   // y axis motor controller 
PORTC = 0x2; //motor breaking 
PORTD = 0x2; //motor breaking 
 
//Enable all Interrupts 
GIE = 1; 
PEIE = 1; 

 
A2D_Init(); 
 
while(1)  
{ 

 if (RB0||RB1||RB2||RB3)  // manual testing motors 
 {   // manual testing motors in 4 directions: 
    

while (RB0) 
PORTC = 0;  

    
while (RB1) 

PORTC = 0x1; 
    

while (RB2) 
PORTD = 0; 

    
while (RB3) 

PORTD = 0x1; 
    

PORTC = 0x2;  //motor breaking  
PORTD = 0x2;  //motor breaking 

} 
 

while (back>thold || left>thold || right>thold || up>thold || down>thold)// check whether it is too dark outside 
{ 
    
if (RB0||RB1||RB2||RB3)   // manual testing motors 
break; 
   
while(back>=left && back>=right) // checking whether panel front is facing the sun 
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{ 
  PORTC = 0; // turning left if facing back 
  if (RB0||RB1||RB2||RB3)  // manual testing motors 
  break; 
  } 

while(back<left || back<right)  // facing front 
{ 

if (RB0||RB1||RB2||RB3)  // manual testing motors 
break; 

//x axis motor sensing 
while(left>right && left>mid) // left side is brighter 
{ 

PORTC = 0; // turning left 
if (RB0||RB1||RB2||RB3)  // manual testing motors 
break; 

} 
PORTC = 0x2; //motor breaking 

  
//y axis motor sensing 
while(up>down && up>mid) // upper side is brighter 
{ 

PORTD = 0; // turning up 
if (RB0||RB1||RB2||RB3)  // manual testing motors 
break; 

} 
PORTD = 0x2; //motor breaking 

  
//x axis motor sensing 
while(right>left && right>mid) // right side is brighter 
{ 

PORTC = 0x1;   // turning right 
if (RB0||RB1||RB2||RB3)  // manual testing motors 
break; 

} 
PORTC = 0x2;    //motor breaking 

 
//y axis motor sensing 
while(down>up && down>mid) // down side is brighter 
{ 

PORTD = 0x1;   // turning down 
if (RB0||RB1||RB2||RB3)  // manual testing motors 
break; 

} 
PORTD = 0x2;    // motor breaking 

  
} 

   
} 

} 
} 
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Heat Exchanger Data Sheets 

 
Figure 54: NTC Thermistor Data Sheet 
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Sun Simulator 

Data Sheets 

 
Figure 55: 1N4002 Diode Data Sheet 
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Figure 56: PIC18F4620 Data Sheet 
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Figure 57: ZTX1051A Data Sheet 
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Figure 58: Panasonic EVQ Push Button Data Sheet 
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Sun Simulator Software 
The following is the code for the Sun Simulator motor controller.  The software is programmed in C 
Programming and built and compiled in MPLAB IDE v8.73. 
 
//     SD1203 Sun Simulator  
//     OVERVIEW: This code controls the stepper motor and linear actuator for  
//                           for simulations.  The heat lamp has 3 speed controls and the 
//            track has 3 angle settings. 
//   
//           ROW 1: lamp speed 1 
//           ROW 2: lamp speed 2 
//           ROW 3: lamp spped 3 
//           Column 1: track angle 1 
//           Column 2: track angle 2 
//           Column 3: track angle 3 
//  
//------------------------------------------------------------------------------------------- 
//  Revision History 
// 
//  DATE  INITIALS  DESCRIPTION 
//  2/27/12  BMA    Initial Design of motor operation 
//  3/07/12  BMA    Added keypad operation to select motor speed 
//  3/09/12  BMA    Added second motor for simulator angle 
//  3/25/12  BMA    Made code adjustments for simultaneous motor operation 
//  3/26/12  BMA           Made further code adjustments for simultaneous motor operation 
//  4/25/12  BMA    Updated keypad code and motor speeds for demonstration day 
//  9/13/12  BMA    Rewrote the code for the keypad 
//  9/27/12    BMA    Made code updates, Jace helped with keypad and motor code 
//  10/2/12  BMA    Removed keypad code, using push buttons for a keypad, code was updated 
//  11/6/12  BMA    Updated motor operation to correlate with simulator (simulator is built) 
//  11/10/12   BMA    Finalized code, ready for demo day 
//------------------------------------------------------------------------------------------- 
 
// Global Variables 
unsigned int i = 0; 
unsigned int a = 0; 
unsigned int N = 0; 
unsigned int speed = 0; 
const unsigned char STEP[4] = {1,2,4,8}; 
int TEMP=0, X; 
 
// Subroutine Declarations 
#include <htc.h> 
#include <pic18.h> 
#include "FUNCTION.h"; 
 
// Subroutines 
#include "FUNCTION.c"; 
#include "Lcd_20x4.c"; 
 
// Functions 
void Stepper1(char spin,unsigned int steps){ 
  if(spin == 0){                 //Forward for 'step' steps 
   for (i=0; i<steps; i++){ 
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    N = i % 4; 
   PORTD = STEP[N]; 
   Wait_ms(speed); 
   } 
  } 
 else if(spin == 1){ 
  for(i = steps; i>0; i--){ 
   N = i % 4; 
   PORTD = STEP[N]; 
   Wait_ms(speed); 
   } 
  } 
} 
 
void Stepper2(char spin,unsigned int steps){ 
  if(spin == 0){                //Forward for 'step' steps 
   for (i=0; i<steps; i++){ 
    N = i % 4; 
   PORTA = STEP[N]; 
   Wait_ms(speed); 
   } 
  } 
 else if(spin == 1){ 
  for(i = steps; i>0; i--){ 
   N = i % 4; 
   PORTA = STEP[N]; 
   Wait_ms(speed); 
   } 
  } 
} 
     
// Main Routine 
void main(void) 
{ 
 unsigned int i, j, k; 
 
 TRISA = 0; 
 TRISB = 0xFF; 
 TRISC = 0xFF; 
 TRISD = 0; 
 TRISE = 0; 
 ADCON1 = 15; 
 
 while(1) { 
  PORTB = 0; 
  PORTA = 0; 
  PORTD = 0; 
 
  int m=5000; 
  while(RB1==1) 
  {  
   m--; 
      PORTA=STEP[m%4]; 
   Wait_ms(10); 
  } 
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  while(RB2==1) 
  {  
   m++; 
      PORTA=STEP[m%4]; 
   Wait_ms(10); 
  } 
 
  while(RB3==1) 
  {  
   m--; 
      PORTD=STEP[m%4]; 
   Wait_ms(10); 
  } 
 
  while(RB4==1) 
  {  
   m++; 
       PORTD=STEP[m%4]; 
   Wait_ms(10); 
  } 
  if(RB5==1){  // Button_11 (10 minutes)   
     for (i=0;i<388;i++){   
    speed = 10; 
    Stepper2(1,50); 
    PORTA = 0; 
    Wait_ms(650); 

Currently the code on the MCU for button 11 is set to run the simulation for approximately 4.5 minutes (for demo day), so 
the code shown here will change the setting to run the simulation for 10 minutes.  All other setting are the same. 
   } 
     for (j=0;j<93;j++){   
    speed = 10; 
    Stepper2(0,200); 
    Wait_ms(50); 
   } 
   Wait_ms(2000); 
  } 
  else if(RB6==1){   // Button_12 (1 hour) 
 
     for (i=0;i<93;i++){   
    speed = 10; 
    Stepper2(1,200); 
    PORTA = 0; 
    Wait_ms(23300); 
   } 
     for (j=0;j<93;j++){   
    speed = 10; 
    Stepper2(0,200); 
    Wait_ms(10); 
   } 
   Wait_ms(2000); 
  } 
  else if(RB7==1){   // Button_13 (4 hour) 
     for (i=0;i<93;i++){   
    speed = 10; 
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    Stepper2(1,200); 
    PORTA = 0; 
    Wait_ms(54000); 
    Wait_ms(54000); 
   } 
     for (j=0;j<93;j++){   
    speed = 10; 
    Stepper2(0,200); 
    Wait_ms(10); 
   } 
 
   Wait_ms(2000); 
  } 
  else if(RC0==1){   // Button_21 (10 minutes with tilt 15 degrees back) 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(0,200); 
    Wait_ms(10); 
   } 
   PORTD = 0; 
     for (i=0;i<388;i++){   
    speed = 10; 
    Stepper2(1,50); 
    PORTA = 0; 
    Wait_ms(650); 
   } 
     for (j=0;j<93;j++){   
    speed = 10; 
    Stepper2(0,200); 
    Wait_ms(50); 
   } 
   PORTA = 0; 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(1,200); 
    Wait_ms(10); 
   } 
   Wait_ms(2000); 
  } 
  else if(RC1==1){   // Button_22 (1 hour with tilt 15 degrees back) 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(0,200); 
    Wait_ms(10); 
   } 
   PORTD = 0; 
     for (i=0;i<93;i++){   
    speed = 10; 
    Stepper2(1,200); 
    PORTA = 0; 
    Wait_ms(23300); 
   } 
     for (j=0;j<93;j++){   
    speed = 10; 
    Stepper2(0,200); 
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    Wait_ms(10); 
   } 
   PORTA = 0; 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(1,200); 
    Wait_ms(10); 
   } 
   Wait_ms(2000); 
  } 
  else if(RC2==1){   // Button_23 (4 hours with tilt 15 degrees back) 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(0,200); 
    Wait_ms(10); 
   } 
   PORTD = 0; 
     for (i=0;i<93;i++){  
    speed = 10; 
    Stepper2(1,200); 
    PORTA = 0; 
    Wait_ms(54000); 
    Wait_ms(54000); 
   } 
     for (j=0;j<93;j++){  
    speed = 10; 
    Stepper2(0,200); 
    Wait_ms(10); 
   } 
   PORTA = 0; 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(1,200); 
    Wait_ms(10); 
   } 
   Wait_ms(2000); 
  } 
  else if(RC3==1){   // Button_31 (10 minutes with tilt 15 degrees forward) 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(1,200); 
    Wait_ms(10); 
   } 
   PORTD = 0; 
     for (i=0;i<388;i++){   
    speed = 10; 
    Stepper2(1,50); 
    PORTA = 0; 
    Wait_ms(650); 
   } 
     for (j=0;j<93;j++){   
    speed = 10; 
    Stepper2(0,200); 
    Wait_ms(10); 
   } 
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   PORTA = 0; 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(0,200); 
    Wait_ms(10); 
   } 
   Wait_ms(2000); 
  } 
  else if(RC4==1){   // Button_32 (1 hour with tilt 15 degrees forward) 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(1,200); 
    Wait_ms(10); 
   } 
   PORTD = 0; 
     for (i=0;i<93;i++){   
    speed = 10; 
    Stepper2(1,200); 
    PORTA = 0; 
    Wait_ms(23300); 
   } 
     for (j=0;j<93;j++){   
    speed = 10; 
    Stepper2(0,200); 
    Wait_ms(10); 
   } 
   PORTA = 0; 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(0,200); 
    Wait_ms(10); 
   } 
   Wait_ms(2000); 
  } 
  else if(RC5==1){   // Button_33 (4 hours with tilt 15 degrees forward) 
   for (k=0;k<17;k++){   
    speed = 10; 
    Stepper1(1,200); 
    Wait_ms(10); 
   } 
   PORTD = 0; 
     for (i=0;i<93;i++){   
    speed = 10; 
    Stepper2(1,200); 
    PORTA = 0; 
    Wait_ms(54000); 
    Wait_ms(54000); 
   } 
     for (j=0;j<93;j++){  
    speed = 10; 
    Stepper2(0,200); 
    Wait_ms(10); 
   } 
   PORTA = 0; 
   for (k=0;k<17;k++){  
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    speed = 10; 
    Stepper1(0,200); 
    Wait_ms(10); 
   } 
   Wait_ms(2000); 
  }     
 } 
} 
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Dimmer  

Dimmer Data Sheets 

 
Figure 59: H11AA1 Data Sheet 
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Figure 60: LM7805 Data Sheet 
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Figure 61: S6008R Data Sheet 
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Figure 62: 1N4004 Data Sheet 
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Dimmer Software 
//Authors: Qingyu Meng (Jace) and Stephanie Erickson  
//Subroutine Declarations 
#include <pic18.h> 
#include        "lcd_portd.h" 
#include        "function.h" 
#include        "function.c" 
#include        "LCD_PortD.C"  
      
unsigned int count = 0; 
int PWM = 0; 
 
const unsigned char MSG1[10] = "PWM =     "; 
 
void LCD_Out(unsigned int DATA){  //write doubles to LCD 
 unsigned char A[5], i; 
 for (i=0; i<5; i++) { 
  A[i] = DATA % 10; 
  DATA = DATA / 10; 
  } 
 LCD_Write(ascii(A[4])); 
 LCD_Write(ascii(A[3]));    
 LCD_Write(ascii(A[2])); 
 LCD_Write('.'); 
 LCD_Write(ascii(A[1])); 
 LCD_Write(ascii(A[0])); 
 } 
 
unsigned char Keypad(void)  //controls power to keypad, reads data 
{ 
 unsigned char RESULT; 
 RESULT = 0xFF; 
 TRISB = 0x78; 
 PORTB = 4; // scan column #1 
 if (RB6) RESULT = 1; 
 if (RB5) RESULT = 4; 
 if (RB4) RESULT = 7; 
 if (RB3) RESULT = 10; 
 PORTB = 2; // scan column #2 
 if (RB6) RESULT = 2; 
 if (RB5) RESULT = 5; 
 if (RB4) RESULT = 8; 
 if (RB3) RESULT = 0; 
 PORTB = 1; // scan column #3 
 if (RB6) RESULT = 3; 
 if (RB5) RESULT = 6; 
 if (RB4) RESULT = 9; 
 if (RB3) RESULT = 11; 
 return(RESULT); 
} 
 
unsigned int GetNumber(void)  //controls read from keypad 
{ 
 unsigned int RESULT; 
 unsigned int KEY; 
 RESULT = 0; 
 KEY = 0; 
 while(KEY != 10) { 
  while(Keypad() == 0xFF); 
  KEY = Keypad(); 
  while(Keypad() != 0xFF); 
  if (KEY < 10) RESULT = (RESULT * 10) + KEY; 
 } 
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 return(RESULT); 
} 
 
void interrupt timer2(void){ 
  count++;  
 count = count%100;  
 if(count < PWM) RC0 = 1;          //bit bang to get PWM based on 1-100 resolution 
 if(count >= PWM) RC0 = 0;    
 TMR2IF = 0;  //reset flag 
 } 
  
// Main Routine 
void main(void){ 
 unsigned char i; 
 TRISA = 0; 
 TRISB = 0xFF;  
 TRISC = 0; 
 TRISD = 0;   
 ADCON1 = 0x0F;   
 LCD_Init();                  
 
 // initialize Timer2 
 T2CON = 0x05; 
 PR2 = 207; 
 TMR2IE = 1; 
 PEIE = 1; 
 TMR2ON = 1; 
 TMR2IP = 1;  
 // Turn on all interrupts 
 GIE = 1; 
    LCD_Move(0,0); for(i=0; i<10; i++) LCD_Write(MSG1[i]); 
 
while(1) 
{ 
    if(RB0&&PWM>=5) 
     PWM=PWM-5; 
     LCD_Move(1,0); LCD_Out(PWM); 
    if(RB1&&PWM<=95) 
    PWM=PWM+5; 
    LCD_Move(1,0); LCD_Out(PWM); 
    if(RB2) 
    { 
     while(PWM>0) 
    { 
   PWM--; 
   LCD_Move(1,0); LCD_Out(PWM); 
   Wait_ms(100); 
    } 
    } 
  if(RB3) 
    { 
     while(PWM<100) 
    { 
   PWM++; 
   LCD_Move(1,0); LCD_Out(PWM); 
   Wait_ms(100); 
    } 
    } 
 
 if(RB4) 
    { 
     while(PWM>0) 
    { 
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   PWM--; 
   LCD_Move(1,0); LCD_Out(PWM); 
   Wait_ms(1000); 
    } 
    } 
  if(RB5) 
    { 
     while(PWM<100) 
    { 
   PWM++; 
   LCD_Move(1,0); LCD_Out(PWM); 
   Wait_ms(1000); 
    } 
    } 
   
} 
} 

 


